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(57) Olive oil with a high polyphenols content and a 
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emulsified water phase which exhibits enzymatic debit- 
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with a high polyphenols content and evaporating the 
water phase. 
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Description 

The present invention is concerned with non-bitter olive oil with a high content of polyphenols and with processes 
for preparing such olive oils. 

STATE OF THE ART 

Olive oil is appreciated as a salad oil and a frying oil for its delicious taste and not only in the traditional olive oil 
consuming countries, the Mediterranean area; but to an increasing extent also in Western Europe and the USA. 
10 Traditionally, olive oil is prepared by harvesting the olive fruits and subjecting these to malaxation: crushing and 
kneading the olives so that a mash is obtained containing, the whole content of the, olive fruit including an aqueous 
phase. The mash contains also enzymes, including lipases, which have been liberated from the cells of the olive. 

In order to avoid uhdesired olive oil Hydrolysis the acjuequs phase, including the olive enzymes, is quicWy separated 
from the oil phase by decanting, anyway within one hour. Subsequent quick water washings of the crude olive oil using 
is a centrifuge take less than a minute. . t 

' Many ol jve oils after decanting still possess a strong bitter taste. Bitter olive oil often pan be made fit for consump- 
tion by water washing which reduces the bitter taste to an acceptable level. The bitter taste is caused by certain 
polyphenols. Polyphenols are compounds which are native to olive oil and which comprise compounds such as oleuro- 
pein, which is the main bitter polyphenol (Grasas y Aceites. 46, 1995, 299-303) and further tyrosol, hydroxytyrosd, caf- 
20 ' feic acid and vanillic acid. The average polyphenols content of freshly pressed olive oil ranges from 100 - 300 ppm, 
sometimes more, depending on the type of olives and the time of harvesting. Olive oil which contains more than 300 
ppm polyphenols is too bitter tor consumption. These polyphenols recently have been Ipund to piay a role in enhancing 
the oxidation stability of blive'oils. Moreover it has been. discovered that the consumption of food containing polyphenols 
from olive oil helps to increase the' oxidation stability of LDL cholesterol in the Wood. A high polyphenol intake has been 
25 reported to be correlated with less incidence of coronary heart disease. Therefore the presence of a high polyphenols 
content in edible oils, including olive oils, is highly desirable. However", when the polyphenols in olive oil raises over 300 
ppm. the bitter index K225 raises over 0.3 which is equivalent tq t ari unacceptable bitterness. 

The water washings us^d for reducing bitterness ^^ unfertunately also remove a substantia! part of- the valuable 
polyphenols from the olive oil. Therefore ho olive oil |§ known with a content of polyphenols being 300 - 1 000 ppm, while 
30 the so-called bitter index k225 is nol higher than 0.3 or with a content of polyphenols being 200 - 300 ppm, with the 
bitter index being not higher than 6.2 The aim of the invention is to provide such olive oils. 

Olive fruits too contain a bitter principle! Olive fruits, in order to make them fit for consumption, are soaked in water 
which contains a debittering agent such as lye (sodium hydroxide) or a suitable enzyme (Research Disclosure no. 378, 
676). _ , , . 

' 5 " * . ^ / - ■ ■ - 

STATEMENT OF INVENTION : ; / ^ ^ 

We have discovered that olive oil derived polyphenols comprise oil soluble as well as water soluble polyphenols. 
We have bund that the bitter taste of crude olive oil has to be asaibed mainly to the presence of bil spluWe polyphenols. 
40 while the water soluble pol^herols, which have the same beneficial properties as the oil soluble ones, hardly contrib- 
ute to foe bitter taste. We have"f0rther r found that the oil soluble polyphenols can easily be converted in water soluble 
1 ones and we have found amethqd hovy'the water soluble polyphenols which are washed out the olive oil can be re-intro- 
duced in the'olive oil. . 

The present invention enables the preparation of olive oil with a high content of polyphenols being 300 - 1 000 ppm, 
45 while nevertheless the bitter index K225 is not higher than 0.3 and of olive oil with a content of polyphenols being 200 
- 300 ppm, while the bitter index is not higherthain 0.2. 

The present inversion enables the reduction of bitterness not by removing bitter compounds but predominantly by 
transforming them into' compounds with less or no bitterness. , , 7 

One process according to the present invention starts with bitter olive oil which possesses a high content of polyphe- 
so nols. The process comprises preparing an emulsion of olive oil with an aqueous phase which contains an effective 
amount of a debittering enzyme, exposing the olive oil to the aqueous phase for at least one hour and finally separating 
the aqueous phase 5 from the oil phase. " , 

The second process enables the incorporation of polyphenols into non bitter olive oil without imparting a too strong bit- 
ter taste to the fortified olive oil. \ . 
55 To this end an aqueous solution of polyphenols is dispersed into the olive oil, whereafter the water is removed, prefer- 
ably by .(^aiwjratipn. / 4 , 



<EP_„ 0B493S3A1J > 



2 



EP0849353A1 

DETAILS OF THE INVENTION 

Debittering enzymes are present in olives fruits. The water phase of the malaxation mash of crushed olives 
appears to contain, besides oa hydrolysing lipases, minor but effective amounts of such enzymes, which have been lib- 

5 erated by the malaxation process. In the common olive oil harvesting process the water phase and the oil phase are 
separated quickly after malaxation, anyway not later than one hour. A part of the native debittering enzymes can be 
found, usually attached to fines, in the water droplets finely dispersed in the crude olive oil after decantation. Fines are 
present usually to an amount of 3 wt.% in decanted oil. Exposure of the olive oil to said enzymatically active aqueous 
dispersion have been found to soften the bitter taste, provided sufficient time is .allowed. 

10 According to an alternative embodiment the water phase to be dispersed in the olive oil is enriched with non-native 
debittering enzymes, preferably of the type used for debittering olive, fruits: 

As a result of the exposure to enzyme activity the bitter index K225 of the" treated ojiyepil is reduced to a level being not 
higher than 0.3, preferably not higher than 0.2, more preferably less than 0. 1 4, for olive oil with a polyphenol content of 
300 - 1000 ppm and to a level being not higher than 6.2, preferably not higher than 0.1 for olive oil with a polyphenol 

is' content of 200 - 300 ppm. 

The debittering enzymes need at least one hour to exert sufficient debitterihg activity, and usually more hours. Pref- 
erably the exposure time is 2 - 100 hours, nhore preferably 5-100 hours, still more preferably 24 - 100 hours. For prac- 
tical reasons this time'preferably will not exteixJ beyond hundred hours in order to avoid the risk of undue oil hydrolysis. 
A suitable simount of Water phase is 0.3 - 200 wt% calculated on the final olive oif emulsion and preferably is 1 - 50 

20 wt.%. This amount is such that at any ambient temperature the amount exceeds the maximum solubility of water in oliv 
"oil. ' • '■' * ."" " V \ 

An optimum contact cH oil phase and water phase should be ensured e.g. by vigorous stirring so that an emulsion is 
formed. A nitrogen blanket on the oil presents oxidation. As an inevitable effeci of this treatment a substantial part of the 
converted poiyphienols will migrate' to the water phase. Unless the enzyme.is only a glucosidase. then the conversion 

25 affords a non-bitt&r aglycon of dleuropein which is oil-soluble and therefore remains for the major part in the oil. 

For a proper ebnveraon bf th£ bitter polyphenols the enzymatic agent needs to exert at least beta-glucosidase or 
esterase activity. Preferably the enzyme or enzyrries should decompose oleurbpein. Preferably, both.enzyme activities 
are involved. e.g. in r subs^ is .used characterized as EC 3.2.1.21 and 

an esterase characterized as fee 3.1.i :2. The betaglucosidase can be found in various natural extracts, such as in 

30 almonds extract. Olivek m t (ex NOVO) is ah enzyme preparation which primarily has pectinase activity and which is also 
used during the malaxation ! prti££ss for decomposing the cell walls of olive fruits. . . 
Alternatively, the enzyme pr^iitions Teazyrrie C™ (ex QUEST) or Laccase™ (iex NOVO) can be used. Both are able 
to reduce olive oil bittern^:laccase TM has to be applied carefully because it may decompose the polyphenols to inac- 
tive compounds. ' " 

35 Teazyme C™ shows pectinase activity, esterase activity and also beta-glucosidase activity. 

The enzymes should be present in the aqueous phase in an effective amount which means that bitterness is reduced 
to an organoleptically acceptable level within one to hundred hours. Suitable amounts of enzyme and exposure times 
can be easily established by trial experimentation. 

The debittering effect 'of the invention is obtained not by removal of the, bitter compounds, but rather by converting 

40 them to non-bitter coh^uhds retaining the beneficial properties ascribed to polyphenols. 

It has been founti'ihaVtiie enzyiViecatajyzes the hydrolysis of bitter tasting polyphenols yielding polyphenols which 
are'much more water soluble and which have a much reduced or no bitter taste. Consequently - as said before - a part 
of the polyphenols will migrate from the olive oil to the' water phase. The separatee! water phase therefore contains a 
substantial amount of those water soluble polyphenols originally stemming from the olive oil. 

45 Since an equilibrium partition of polyphenols between oil phase and water phase ks established, it is advantageous 
that the water phase contains polyphenols in order to decrease the loss of polyphenols from the oil phase. Such 
polyphenols are selected from the group consisting of tyrosol, hydroxytyrosol^ oleuropein, caffeic acid and vanillic acid. 

Non bitter olive oil which contains a high polyphenol content can be prepared by debittering olive oil while retaining 
its high polyphenol content, as describe before, or the other way around by starting from n6h bitter ojiye oil and increase 

so its polyphenol cbntent, preferably in a natural way, as will be described now. 

When employing common olive oil harvesting operations, the water separated from olive oil after malaxation or 
washing may contain 300 - 2000 ppm of polyphenols Usually this is discarded as waste water. We have found that this 
water phase, which is a natural source of olive oil polyphenols, can be used for fortification of olive oil with polyphenols. 
Accordingly, olive oil is fortified with polyphenols by dispersing a small amount, suitably 0.1 - 15 wt.% on oft of an aque- 

55 ous solution of water soluble, non-bitter polyphenols into olive oil and then removing the water, preferably by evaporat- 
ing it under reduced pressure at ambient temperature. Slight amounts of bitter polyphenols can be allowed. The 
polyphenols, being not volatile at ambient temperature, will be re-introduced into the olive oil, in dissolved form and also 
in suspended form if the oil is saturated with polyphenols. Suspended polyphenols will impart a haze to the oil. Conse- 
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quently the polyphenols content of the dive oil will be increased considerably, while the bitterness value will only slightly 
be influenced. In this way olive oil can be prepared with a polyphenols content, depending on the starting level, being 
300 - 1000 ppm and a bitter index being not higher than 0.3 or olive oil with a polyphenols content being 200 - 300 ppm 
and a bitter index being not higher than 0.2. 

5 Suitable aqueous solutions preferably are water phases separated from olive oil, particularly after an enzyme treat- 
ment. The concentration of polyphenols in the aqueous solution may be increased e.g. by evaporating under reduced 
pressure a part of the water or, preferably, by membrane j iltration. Aqueous solutions containing up to 5000 ppm of 

polyphenols can be obtained in this way. 

The olive oil which is to be fortified may be the olive oil from which the polyphenols originate, it may be another olive 

w oil. a virgin oil or a refined oil, or even another edible oil hot being dive oil. The aqueous polyphenols sdution may be 
used too for the fortification of other food compositions. 

The present invention comprises novel olive oils which are distinguished from known olive dls in that they combine 
a high content of polyphenols amounting 300 to 1 000 ppm, with a low value for the bitter index K225, being not higher 
than 0.3, preferably being not higher than 0.2 and more preferably being less than 0.14 or a content of polyphenols 

is amounting 200 - 300 ppm, with a K225 being not higher than 0.2, preferably being not higher than 0.1. 
The invention is illustrated by tbe.^wing examples: 

GENERAL ' . t , y. . 0 ' * 

20 The polyphends. content of olive oil is established by the colorimetric method described in J.Am.Oil.Chem.Soc. 
1981. 11. pp.:966-968, which method isbased on the reaction of a methanolic extract of olive dl and the Folin-Ciocal- 
teau reagent. t , 

Bitterness is expressed by the bitter index value denoted by the UV-absorption parameter K225. The measurement 
has been carried out according to J.AmOil.Chem.Soc. 1992. 69(4). 394-395: 

25 1 g of olive oil is dissolved in 4 nrd of hexane and passed over an octadecyl (C 18 ) disposable extraction column (6 ml) 
(SPE extraction unit from Balder Chemical Company).; The ortadecyl column is/previously activated with 6 ml of meth- 
anol and washediwith 6 ml of hexane, The sample vial is dean^with .4. ml of hexaae which is applied to column after 
which the column isiii^shed with S ml of - hexane. The column is sucked dry and the adsorbed substances are eluted 
with 25 ml of methanol/water (50/50. MIS/), after which the absorbance of the eluted solution is measured at 225 nm 

30 against methand/water (50/50, V/V). The'brtter index, is expressedas the extinction at 225 nm of 1 gram olive oil/100 
ml of methanol/water (50/56] v/v). J ; 

A reliable correlation exists between bitter index and* sensorical bitterness perception. See the mentioned article 
and Table I. - - * - - " 



tABLE I 



Bitter index K225 


Bitterness perception 


<0.14 


hardly bitter 


0.14-0.25, • 


.moderately bitter- 


0.25 - 0.36 


bitter 


>0.36 


very bitter 



45 

EXAMPLE 1 : { / : : v 

A mixture is prepared containing 150 g of olive oil and 30 ml of water adjusted at pH = 5 with a citric acid/phosphate 
buffer. The water phase containes 240 mg of an almonds beta-glucosidase (EC 3.2.1 .21, ex SIGMA) preparation cor- 
50 responding with 1680 units. 

A glucosidase unit is defined as the amount wNch liberates per minute 1 micromole of glucose from salidn at pH 
= 5.0andT = 37*C. : - * v : ' 

The mixture is stirred vigorously for 24 hours at 25°C. Then the water phase is separated by decantation. 
Table II stows that exposure to a relatively small amourrtof an aqueous enzyme solution causes a considerable 
55 reduction of the bitterness. 
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TABLE II 



EXAMPLE 2 



Olive oil exposed to 


Bitter-index K225 


enzyme 




B fore treatment ; 


0.201 


After treatment *' r ; 


' ; * 0.029 


Commercial olive, oij 




"V. 





An aqueous solution "df polyphenols was obtained" by fcollecting' the water which separates from olive oil which had 
is been obtained by decarttation after malaxation. Decanted olive oil stilPoxTtaiils 1 - 20% of water! which is dispersed 
through the oil. By settling it separates within 1-5 days. Usually the water is removed quicWy after malaxation by cen- 
trifuging. The separated water contains 300 - 2000 ppm of water ^luWe f)6lyphenols. * 

One liter of extra virgin olive oil (oil A) having a bitter index of 0.35 was stirred at 20°C under reduced pressure 
(10,000 Pascal, 100 mbar) with 0.1 1 of separated dive oil water (see above), containing 900 ppm of polyphenols, until 
20 the water had evaporated. 

The procedure was repeated wfth'four other oil's B, C, D and E originating from different olive oil mills, using water 
phases containing 700, 650; 400 and 4000 ppm polyphenols respectively. Table III shows the bitter index and the 
polyphenols content before and after the treatment. 7 



^ M >o i. . ,*v TABl£E III -\ »' 



Oils 


BEFORE TREATMENT , 


AFTER TREATMENT 


• • 1 ., . 


4 , K225 


.. Polyphenols 


, K225 i: 


•Polyphenols 


A~ 


7 0.35 • 


330 ppm* 


.0.2 


420 ppm 


B 


0.32 


290 ppm 


0.2 


, 360ppm 


' C 


i! ' 0.28 


280 ppm 


0.18 " 


345 ppm 


D 


0.25 


200 ppm 


0.09 


240 ppm 


E 


0.5 


500 ppm 


0.2 


900 ppm 



EXAMPLE 3 



One liter of decanted olive oil attaining 2.2 wt.% of water and 3 wt.% of fines was slowly stirred at 30°C under 
nitrogen. The development of bitter niess "and polyphenol content is shown in Table IV. 
The values for free fatty acids show that oil. hydrolysis is very slow and acceptable. 

45 - - : 

TABLE IV 



so 



55 



Days 


Water % 


Polyphenols ppm 1 


Bitter index K225 


FFA% 


0 


J .68 : 


746 


0.42- 


0,303 : 


1 


1,69 


724 


0.38 


0.306 


7 


1.71 . 


, 711 


0.28 


0.308 


10 


1.65 


693 


0.24 


0.312 




.1.69 . 


611 


0.20 


0.314 | 



expressed as caffeic acid 
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EXAMPLE 4 

According to example 1 a mixture is prepared containing 150 g of olive oil and 30 ml of water adjusted at pH = 5 
with a citric acid/phosphate buffer. The water phase contains 240 mg of an almonds beta-glucosidase (EC 3.2.1 .21 , ex 
5 SIGMA) preparation corresponding with 1680 units. 

The mixture is stirred vigorously for 24 hours at 25°C. Then the water phase is separated by decantation. 
The treatment is repeated under the same conditions but with a water phase, which contains i 000 units of esterase 
(EC 3.1.1.2, ex BOEHRINGER). An esterase unit is defined as the amount which hydropses per minute 1 micromole 
of ethyl butyrate into butyric acid and ethanol at p»H = 8 and T » 25°C. 
10 Table V shows that subsequent exposure to different enzymes enhances the debittering effect. The polyphenols 
content decreases too, but less than proportional to the bitterness decrease. 



TABLE V 



Olive oil exposed to two enzymes 


Total polyphenols 


Bitter-index K225 


Before treatment : 


300 


0.243 


After beta glucosidase treatment 


216. • 


0.102 ... 


After esterase treatment 


129 


0.046 



Claims 

1 . Olive oil containing 300 - 1000 ppm polyphenols, and having a bitter index K225 which is not higher than 0.3, pref- 
25 eraWy not higher than 0.2. 

2. Olive oil containing 200 - 300 ppm polyphenols and having a bitter index K225 which is not higher than 0.2, prfer- 
ably not higher than 0.1 . 

30 3. Olive oil according to claim 1 which has a bitter index less than 0. 14. 

4, Process for obtaining an olive oil according to any one of claims 1 - 3, which comprises preparing an emulsion of 
olive oil with an aqueous phase which aqueous phase contains an effective amount of a debittering enzyme, expos- 
ing the olive oil to the aqueous phase and separating the aqueous phase from the oil phase, where the treated oil 

35 contains at least 200 ppm polyphenols, characterised in that the olive oil is exposed to the aqueous phase for at 
least one hour. 

5. Process according to claim 4, characterised in that the treatment is repeated with a different debittering enzyme. 

40 6. Process according to claim 4 or 5, characterized in that the aqueous phase amounts to 0.3 - 200 wt.% calculated 
on the emulsion. 

7. Process according to claim 4 or 5, characterized in that the exposure time is 2 - 1 00 hours, preferably 5 - 1 00 hours, 
more preferably 24-100 hours. 

45 

8. Process according to claim 4 or 5, characterized in that the enzyme or enzymes is/are able to decompose oleuro- 
pein. 

9. Process according to daim 4, characterized in that an olive native enzyme is used and no enzyme is added. 

50 

10. Process according to any of the preceding claims, characterized in that the enzyme has beta-glucosidase activity. 

11. Process according to any of the preceding claims, characterized in that the enzyme is the beta-glucosidase EC 
3.2.1.21. 

55 

1 2. Process according to any of the preceding claims, characterized in that the enzyme has esterase activity. 

1 3. Process according to any of the preceding claims, characterized in that the enzyme is the aryl esterase EC 3.1 . 1 .2. 
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14. Process according to any of the preceding claims characterized in that an aqueous phase is added which contains 
besides the enzyme one or more of the polyphenols selected from the group consisting of tyrosol, hydroxytyrosol, 
oleuropein, caffeic acid and vanillic acid. 

5 ■ 15. Process tor obtaining olive oil according to any one of claims 1 - 3. which is characterized in that 

a/ahon bitter olive oil is Selected, 

b. an aqueous solution of non-bitter polyphenols is selected, 

c. the aqueous solution is dspersed into the olive oil, 
to d. the water is removed from the dispersion, 

where the starting oil and the aqueous solution are selected such that both the polyphenols content and the bitter 
index of the resulting oil fit into at least one of the ranges of claim 1 or 2. 

is 1 6. Process according to claim. 1 5, characterized in that the aqueous solution contains 300 - 5000 ppm of polyphenols. 

17. Process according to claim 15, characterized in that the added aqueous solution amounts to 0.1 - 15 vol.% on oil. 

18. Process according to claim 15, characterized in that the water is removed by evaporation under reduced pressure. 

20 * - ■ 
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